While pulsed field gel electrophoresis has become an important tool for genotyping of bacteria, one of its drawbacks is that standard methods are rather time-consuming. In order to overcome this problem, shortened procedures for DNA preparation have been developed for some bacterial species. The aim of this study was to examine if a short procedure used for pulsed field gel electrophoresis of Clostridium botulinum could be applied to other Clostridia species. For this, the protocol was modified and used to prepare the DNA of 34 strains of 25 different Clostridia species. In contrast to a standard procedure, which takes at least 5 days from DNA extraction to completion of the electrophoresis, this protocol yielded results within 2 days. In order to directly compare the results of the short protocol with those of the standard, long procedure, parallel DNA preparations were performed using both methods and the two DNA samples thus obtained per strain were then run on the same gel. Briefly, the procedure was as follows. After embedding the bacterial cells in agarose, the agarose blocks were incubated for 1 h in lysis solution containing lysozyme, mutanolysin, lysostaphin and RNase. This was followed by a 1-h proteinase K treatment. Then, slices were cut from the agarose blocks and washed for 15 min in TE buffer, these washes were repeated four times with fresh TE. After a 2-h restriction with SmaI, electrophoresis was carried out overnight. ß
Introduction
Digestion of bacterial DNA with rare-cutting restriction enzymes (macrorestriction) followed by separation of the large DNA fragments thus obtained via pulsed ¢eld gel electrophoresis (PFGE) yields DNA patterns with a relatively low number of bands. These are easier to analyze than patterns originating from conventional restriction enzyme analyses [1, 2] . This ease of interpretation makes PFGE an e¡ective method for genotyping of bacterial isolates. Among others, macrorestriction analysis via PFGE has been applied for genotyping of Clostridium (C.) perfringens food [3] and clinical isolates [4] , various C. botulinum strains [5] and C. di¤cile clinical isolates [6, 7] . The use of PFGE for the investigation of genetic relationships might be extended to other Clostridia species as well.
One major disadvantage of PFGE is the long processing time necessary for isolation and restriction of DNA prior to electrophoresis. Standard procedures generally take 5^6 days from the beginning of DNA extraction until visualization of DNA patterns and evaluation of results. A recourse to this problem lies in the elaboration of rapid procedures for the isolation and restriction enzyme digestion of DNA. One such protocol which was developed for PFGE analysis of a variety of bacterial species [8] has also been successfully applied to C. botulinum [5] . The aim of this study was to investigate if this short DNA preparation protocol was suitable for other clostridial species as well. After preliminary experiments with C. perfringens, the procedure had to be slightly modi¢ed to obtain satisfactory results and was then applied to 25 di¡erent Clostridia species. In order to allow a direct comparison, DNA preparations utilizing a standard 5-day procedure [9] were performed in parallel.
Materials and methods

Bacterial strains
Of the 25 clostridial species included in the study, 16 were represented by one reference strain each. For the remaining nine species, two strains per species were chosen, either two reference strains or one reference strain and one food or animal faeces isolate. The 34 study strains are listed in Table 1 and 2. The DNA of all strains was prepared twice with both the short and the standard, long protocol. A C. perfringens faeces isolate was included in all of the 10 experiments performed in the course of the study.
The strains were stored on Microbank1 (Mast Diagnostica, Reinfeld, Germany), re-suscitated by a 2-day incubation in brain heart infusion broth (BHI) and then grown on Columbia sheep blood agar plates for 2 days. Next, one colony per strain was transferred to a centrifuge tube with 8 ml BHI, which was incubated overnight and then employed in the standard DNA preparation protocol. First, one loop of the overnight BHI culture was subcultured on a fresh Columbia blood agar plate. After a 2-day incubation, a centrifuge tube with 8 ml BHI was inoculated with one colony, also incubated overnight and used in the short DNA preparation protocol. This way, it was possible to carry out parallel DNA preparations with both the short and the long protocol. All incubations were performed under anaerobic conditions at 37³C.
Standard (long) DNA preparation protocol
If not stated otherwise, the reagents were purchased from Sigma (St. Louis, MO, USA).
Day 1: the cells were harvested by centrifugation (1000Ug, 4³C, 15 min) of the overnight BHI cultures. Next, the cells were resuspended in 600 Wl PIV bu¡er (10 mM Tris, 1 M NaCl, pH 7.6) and stored on ice. 500 Wl of this suspension was mixed with an equal volume of molten 2% low melting point agarose (Bio-Rad, Hercules, CA, USA) dissolved in PIV bu¡er. After 1-ml syringes were ¢lled with this mixture, it was allowed to solidify on ice for about 20 min. The agarose plugs thus obtained were cut into three blocks which were placed in reaction tubes and immersed in 4 ml lysis solution (6 mM Tris, 1 M NaCl, 100 mM EDTA, 0.5% Brij-58, 0.2% sodium deoxycholate, 0.5% sodium lauroylsarcosine, pH 7.6) to which RNase (20 Wg ml 31 ), lysozyme (1 mg ml 31 ), lysostaphin (5 U ml 31 ) and mutanolysin (20 U ml 31 ) had just been added. The agarose blocks were incubated overnight at 37³C with gentle shaking.
Day 2: the lysis solution was removed and 2 ml ESP solution (0.5 M EDTA, 10% sodium lauroylsarcosine, pH 8.0) containing proteinase K (100 Wg ml 31 ) was added. After a 2-h incubation at 50³C with gentle shaking, the ESP was replaced with fresh solution and re-incubated for another 2 h. The incubation was then continued with fresh ESP overnight.
Day 3: one of the three agarose blocks was transferred to a new reaction tube and immersed in 2 ml TE bu¡er (10 mM Tris, 1 mM EDTA, pH 7.6). After a 1-h incubation at 37³C with gentle shaking, the TE was replaced with fresh solution and the incubation was continued for another hour. This was followed by two TE washes, each lasting 2 h. Afterwards, the agarose block was re-transferred into a 1-ml syringe and an agarose slice about 1-mm thick was cut o¡. This slice was put into a 1.5-ml reaction tube and equilibrated for 20 min on ice with 100 Wl restriction bu¡er (New England Biolabs, Beverly, MA, USA). Then, the restriction bu¡er was replaced by 100 Wl fresh restriction bu¡er to which 20 U per 100 Wl SmaI (New England Biolabs, Beverly, MA, USA) was added. Restriction with SmaI was carried out at 25³C overnight.
Short DNA preparation protocol
For this protocol, the same reagents and bu¡ers were used as in the standard protocol. In order to decrease the overall processing time, the incubation times were reduced and several steps of the procedure were modi¢ed.
Day 1: cells were harvested by centrifugation of an overnight BHI culture just as in the long protocol. Yet, instead of PIV bu¡er, lysis solution plus enzymes was used for resuspension. Agarose blocks were prepared in the same way as described above. They were incubated in 3 ml lysis solution containing enzymes. Lysis was performed with gentle shaking at 37³C for 1 h. Next, the lysis solution was replaced by ESP solution to which proteinase K was added. After a 1-h incubation at 50³C with gentle shaking, one agarose block was returned into a 1-ml syringe and an agarose slice was cut o¡. This slice was placed into a 1.5-ml reaction tube and subjected to ¢ve TE washes at 37³C. Each of these lasted 15 min and was carried out with fresh TE bu¡er. After equilibration as in the standard protocol, endonuclease digestion with SmaI was performed at 25³C for 2 h.
PFGE
Electrophoresis was performed on day 4 of the long protocol, respectively day 1 of the short protocol. Thus, in order to have agarose slices obtained via both protocols ready for PFGE on the same day, the short DNA preparation protocol was started on day 4 of the standard one.
After endonuclease digestion, the slices were inserted into a 1% pulsed ¢eld agarose gel (Bio-Rad, Hercules, CA, USA; dissolved in 0.5UTBE) which was pre-electrophoresed for 90 min. The corresponding slices of one clostridial strain obtained by the long and short protocol were placed next to each other on the gel. PFGE was carried out by contour-clamped homogenous electric ¢eld electrophoresis (Gene Navigator System1, Pharmacia Biotech, Uppsala, Sweden) at 200 V in 0.5UTBE (5UTBE: 446 mM Tris, 446 mM boric acid, 10 mM EDTA, pH 8.0) with linear ramping. The electrophoresis time was 21 h with initial and ¢nal switching times of 1 and 30 s.
On day 5 of the standard protocol (day 2 of the short protocol), the gel was stained 1 h in ethidium bromide solution (0.5 Wg ml 31 in 0.5UTBE). After a short wash in aqua bidest, the gel was analyzed using the Gel Doc 1000 imaging system (Bio-Rad, Hercules, CA, USA) and Multi-Analyst0/PC software (Bio-Rad, Hercules, CA, USA).
Results
The complete results of both experiments are listed in Table 1 and 2.
The DNA of four strains (C. barati ATCC 27639, C. di¤cile ATCC 9689, C. glycolicum ATCC 14880, C. sporogenes food isolate) was degraded after preparation via the short as well as the standard protocol in both experiments and was visible as a smear of small DNA fragments on the gel (Fig. 1, lane 3) . Fig. 1 . Example of a PFGE analysis of SmaI restriction digests of several Clostridia strains. The DNA of each strain was prepared via the long (l) and the short (s) protocol. MidRange PFG Marker I (New England Biolabs, Beverly, MA, USA) was used as a molecular size marker (M). Lanes : 1, C. perfringens faeces isolate; 2, C. sporogenes ATCC 3584 ; 3, C. sporogenes food isolate; 4, C. subterminale ATCC 29748; 5, C. tertium DSM 662; 6, C. tyrobutyricum DSM 663; 7, C. innocuum ATCC 14501.
Another problem sometimes encountered was the complete absence of bands or the presence of only very weak bands after PFGE, which makes interpretation of the patterns di¤cult or impossible. In the case of ¢ve strains (C. barati ATCC 27638, C. bifermentans food isolate, C. histolyticum ATCC 19401, C. innocuum ATCC 14501, C. septicum Erfurt 999), this problem occurred when applying both protocols (Fig. 1, lane 7; Fig. 2, lane 1) , while for two strains (C. cadaveris ATCC 25783, C. novyi Erfurt 67), only DNA preparation via the short protocol resulted in weak bands in both experiments (Fig. 2, lane 4) . Finally, insu¤cient results were sometimes caused by extensive smearing between DNA bands leading to more or less indiscernible patterns (Fig. 2, lane  5s ). Yet, only one strain (C. beijerinckii food isolate) repeatedly showed this problem in both experiments after DNA preparation utilizing the short protocol.
For the remaining 22 study strains, satisfactory results, i.e. clearly discernible PFGE patterns, were obtained using both the standard and the short protocol (Fig. 1, lanes 2, 4^6; Fig. 2, lanes 2, 3, 6 ). 16 of these strains showed comparable results in both experiments while with six strains, problems (weak bands or smearing) occurred during the application of one or both protocols in one of the experiments. The exact results can be taken from Table 2 . All 10 DNA preparations carried out with the C. perfringens faeces isolate (Fig. 1, lane 1; Fig. 2, lane 7) yielded su¤cient results with both protocols. Although in ¢ve of the experiments the bands obtained after DNA preparation via the short protocol were weaker than those originating from the standard preparation, the PFGE patterns were still su¤-ciently recognizable. 
+: satisfactory results, 3: dissatisfactory results, d: degradation, w: weak/no bands, s: smearing. ATCC : American Type Culture Collection (Rockville, USA). Erfurt : National Clostridia Reference Center (Erfurt, Germany).
Discussion
The DNA degradation observed with some of the study strains is due to endogenous bacterial nucleases, which are rather common among clostridial isolates [1, 5] . In order to cope with this problem, alternate DNA extraction protocols with an improved protection against endonuclease digestion need to be developed. The appearance of weak bands or the absence of bands can be ascribed to incomplete lysis of bacterial cells. In consequence, only a small amount of DNA is released from the cells, digested by restriction enzymes and is able to migrate into the gel [9] . For the strains showing weak bands after utilization of both protocols, the lysis conditions would have to be modi¢ed in order to receive satisfactory results. In the case of the two strains for which this problem was observed only after the short protocol, longer incubation times were apparently su¤cient to improve cell lysis. Use of the standard protocol is therefore recommended for these strains. Smearing observed in the PFGE patterns of a few strains is probably due to incomplete protein digestion. The consequence of this is on the one hand insu¤cient puri¢cation and restriction digestion of DNA [9] . On the other hand, nucleases which are else destroyed by proteinase remain and cause a partial degradation of DNA [8] . As this problem did not occur when using the standard protocol, longer incubation times with proteinase K seem to be an adequate means of improving the protein removal and should be employed if such problems are encountered.
Some strains showed dissatisfactory results in only one experiment. Still, DNA preparation by both protocols was judged to be equally possible if care is taken to ensure optimal conditions for bacterial growth and DNA extraction. Thus, the short protocol was considered to be in principle suitable for DNA preparation from 22 clostridial strains in total. It should be mentioned that the two preparation protocols did not always yield PFGE patterns of exactly the same quality for all of these strains. In some cases, the bands obtained with one of either protocol were somewhat weaker than those achieved with the other. Yet, these di¡erences should not be over-rated because minor variations in the amount of cells harvested by centrifugation as well as in the thickness of the agarose slices used for electrophoresis almost always occur. In consequence, for the purpose of this study, the results achieved with both protocols were considered comparable if the PFGE patterns were identical and were both of a su¤cient quality for genotyping by comparison of PFGE pro¢les. The same criteria were applied for the evaluation of the results of the 10 experiments performed with the C. perfringens faeces isolate. These results were all rated satisfactory for both protocols which o¡ers further proof of the suitability of the short DNA preparation protocol for PFGE analysis.
It is interesting to note that two di¡erent strains of one clostridial species did not always behave in the same manner concerning the applicability of a certain DNA preparation protocol. Therefore, positive results obtained for an individual strain of a species do not necessarily mean that a protocol is suited for all strains of this species. Yet, this study showed that the DNA of many clostridial strains can be prepared for PFGE via a short protocol. The probability that it is suitable for use with particular clostridial isolates is therefore rather high and it is advisable to ¢rst try out this short protocol before spending much time while using the standard procedure. As the overall processing time is reduced to two days, this short DNA preparation protocol will avail particularly useful if large numbers of isolates have to be typed by PFGE or especially if results are needed within a short time span.
